This paper concerns with pressure gradient on laminar thermal boundary layer over a permeable surface in a uniform stream of fluid with convective boundary condition. The analytical series solution is used to study the effects of Prandtl number ( ), Suction or Injection parameter ( ), and pressure gradient ( ) on both velocity and temperature profiles in the boundary layer. The governing equations which are non-linear partial differential equations are reduced to ordinary differential equations by using similarity transformations. Homotopy Analysis Method (HAM) is used to obtain the solutions for velocity and temperature. The effects of various parameters of interest on the velocity and temperature distribution are discussed. We compared our numerical values obtained with previous published work in the literature and found to be in good agreement.
Introduction
The boundary layer flows play a key role in different area of fluid mechanics since it reveals the motion of a viscous fluid closed to a body. Force convection over a flat plate has been used widely in experimental and theoretical point of view over a period of times. Research for solutions of the laminar boundary layer using similarity solutions showing heat and flow in a quiescent fluid driven by a stretched body was present by Ali (1995) . Steady laminar mixed convective boundary layer flow over an isothermal vertical due to temperature-dependent viscosity on an incompressible fluid was proposed by Kafoussias and Williams (1995) . Dai and Fang (2014) used thermal response factor on transient heat flow through transparent materials. Khan and Pop (2010) resolved the problem of laminar fluid flow which is resulting from the stretching of a flat body in a nanofluid was solved numerically. Laminar boundary layer flow of a Newtonian, viscous fluid in a fluid-saturated porous medium over a flat plate in the thermophoresis particle deposition effect was proposed by Chamkha and Pop (2004) . Aziz (2009) focused on the problem of hydrodynamic and thermal boundary over a vertical surface in a uniform stream of fluid. Natural convection boundary layer flow problem by a system of nonlinear differential equations. Oubella et al. (2014) solved the problem of mixed convection heat and mass transfers in a vertical channel. Boundary layer flow over a vertical flat surface with slip flow and constant heat flux surface condition was proposed by Aziz (2010) . Yao et al. (2011) investigated the heat transfer of a viscous fluid flow with a convective boundary condition over a stretching/shrinking sheet. Hydrodynamic and thermal features of the steady forced convective boundary layer flow over a porous plate in a Darcy porous medium with slip at the boundary. Abdellah et al.,(2014) used numerical method to solved the problem of laminar flow and heat transfer in square duct. Afify (2009) study free convective heat and mass transfer of an incompressible, electrically conducting fluid over a stretching sheet with thermal diffusion and diffusion-thermo effects in the presence of suction and injection.
However, the study of steady boundary layer shear flow over a stretching/shrinking sheet in a nonafluid is resolved numerically by Vajravelu (2011) . The influence of nanoparticles proposed by Nield and Kuznetsov (2009) on natural convection boundary layer flow in a porous medium past on a flat plate using a model in which Brownian motion and thermophoresis. Hossain et al. (1999) determined the effect of radiation on the natural convection flow of an optically dense incompressible fluid in a uniform heated flat plate with a uniform suction. An extension proposed by Hossian and Takhar (1996) on the effect of radiation on the mixed convection flow of an optically dense viscous incompressible fluid a heated vertical surface with uniform temperature. Steady laminar boundary layer flow in a moving surface over a moving fluid in a presence of convective surface boundary condition with thermal radiation was investigated by Ishak et al. (2011) . Analyse the effects of thermal radiation on the laminar boundary layer over a flat-plate in a uniform stream of fluid and a moving plate in a quiescent ambient fluid both under a convective surface boundary condition was carried out by Bataller (2008) . Ishak (2010) study steady luminary boundary layer flow over a permeable over a vertical surface in a uniform free stream and the bottom of the surface is heated by convection from a hot fluid. A numerical method has been applied to the problem of heat and mass transfer over a flat plate embedded in a porous medium in the presence of magnetic field such as (Bachok et al. (2010) , Makinde and Aziz (2010) , Makinde and Aziz (2011), Makinde (2010) , and Merkin(1979) ). Makinde and Olanrewaju (2010) extended the work of Aziz (2009) to the presence of buoyancy force. Fathizadeh and Rashidi (2009) study convective heat transfer equations of boundary layer in presence of pressure gradient over a flat plate.
Our present work deals with laminar boundary layer over a permeable surface with convective boundary condition. HAM was used to solve the problem. The analytic series solutions of the resulting thermal similarity equation are accounted for different values of Prandtl numbers and the different values of the parameter for hot fluid convection process. We study the effects of pressure gradient with different Prandtl numbers for the velocity and temperature distributions and then compared our results obtained, which is in good agreement with previous results published in the literature.
Mathematical Analysis
Hydrodynamic and thermal boundary layer flow over flat plate is governing by the continuity and Navier stokes equations. In our study we assume the stream of cold fluid at temperature ∞ moving on the top surface of the plate with uniform velocity ∞ . The equations showing the flow can be written as Fathizadeh and Rashidi (2009) .
The velocity boundary conditions can be written as:
The solutions to the momentum equation as result of forced convection with pressure gradient are decoupled from the equation. And the solution to the energy equation leads to the solution of momentum equation and the results of Ishak.(2010) . The boundary conditions at the permeable surface and far into the cold fluid can be expressed as:
We resolve the problem of momentum and energy equations which are nondimensionalized by introducing the following dimensionless variables.
Equations (1) - (7) reduces to
With the boundary conditions
To redefine as constant not a function of , the heat transfer coefficient ℎ is proportional to
From equation (14) is constant, we use equation (14) in (13), which is now resulted to
We assumed that ∞ be a function of both and number in this study.
The Homotopy Analysis Method (HAM)
In this section, we will apply HAM to solve equations (9) & (10) subjected to boundary conditions equations (11) and (12). We choose the initial guesses and auxiliary linear operators in the following form:
as the initial approximations of ( ) and ( ) with the property:
Here ( = 1,2, … ,5) are they constants. Base on equations (11) and (12), the non-linear operators 
Where ℎ is an auxiliary non-zero parameter the boundary conditions for equations (11) and (12) are presented as:
Clearly, when = 0, & 1 , the above zeroth-order deformation equations have the following solutions.
When increases from 0 to 1, ̂( ; ) and ̂( ; ) vary from 0 ( ) and 0 ( ) to ( ) and ( ). From Taylor's theorem and equations (26) and (27), we obtained
Where
The convergence of the series solutions (28) and (29) depend upon the choice of auxiliary parameter ℎ. Assume that ℎ is chosen such that the series solutions (28) and (29) are convergent at = 1, then due to equations (22) and (23) we get
The th-order deformation equations, we differentiate equations (22) and (23) up to times with respect to and divide by ! and then set = 0. The resulting deformation equations at the thorder are
with the following boundary conditions Assume * ( ) and * ( ) represent the particular solutions of equations (38) and (39), one after the other as = 1, 2, 3, … the computation, can easily be compute by symbolic computation software such as Mathematica, Maple, Matlab e.t.c.
Convergence of the HAM Solution
In this section we will discuss the convergence of our solutions. The analytic solution contain the auxiliary parameter ℎ, which influences the convergence region and rate of approximation for the Homotopy Analysis Method (HAM) solution. This is called ℎ-curves approach. The constant ℎ-curve is quite rational, whenever convergence take place at = 1, the quantities of exact solution should be free of the parameter ℎ. The analytical expressions (22) - (23) and (34) - (35) contain the auxiliary parameter ℎ. As point out by Liao (2007) , that the convergence region and rate of approximations given by HAM is strongly dependent upon ℎ Figs 
Results and Discussion
The computed solutions are convergent in the whole region of (0 < < ∞) for ℎ , and ℎ = −0.1. The aim of this section is to analyze the effects of various physical parameters on the velocity and temperature distributions. Hence the figures 3 -9 have been plotted for such objective. The Validation of the present method using homotopy analysis method is checked with the results obtained by Aziz (2009) and Ishak, et al. (2010) for the values of − ′(0) in the limiting condition = 0 and = 0 (impermeable). Thus it is seen in Table 1 that the numerical results are in close agreement with those published previously. Fig. 3 , describe the influence of on temperature profiles by increasing the temperature decreases. An increase in leads to a decrease in the temperature profiles. The thermal boundary layer thickness decreases upon increasing . In fig.4 , the velocity profile ′ is plotted for different values of pressure gradient ( ). It is clear from this figure that the smaller value of pressure gradient ( ) will result in the smaller velocity gradient because the boundary layer thickness ( ) increases. We observed that as pressure gradient reaches -0.091, the separation point approaches which means that the fluid move away from the body/surface. It is observed from figs. 5 and 6 that both the velocity and temperature profiles shows decrease with an increase in suction > 0 and the opposite trend is observed for injection parameter < 0. In figs. 7, and 9 for a fixed , the influence of pressure gradient ( ) on the thermal boundary layer thickness decreases significantly as the number increases. We observed that for = 0.72 by increasing the pressure gradient the thermal boundary layer thickness ( ) decreases. Fig.8 elucidates the effects of the parameter in absence of pressure gradient ( = 0) and for fixed Prandtl number of = 0.72. In this fig the vertical intercept arises the plate surface temperature. As increases, the plate surface temperature increases significantly. When approaches infinity, the solution reaches the solution for the constant surface temperature. Now for fixed free stream velocity and cold fluid temperature at a point is directly proportional to the heat transfer coefficient ℎ (hot fluid). It is observed that the hot fluid side which is the thermal resistance is directly proportional to 
Conclusion
In our present work, the influence of pressure gradient on steady laminar boundary layer flow and heat transfer over a flat plate with convective boundary condition was considered. The governing equations constitutive relationship for pressure gradient in the steady laminar boundary flow has been proposed. It is noted that the value of hydrodynamic ∞ varies with different pressure gradients. A similarity solution exist if the convective heat transfer from the lower surface is proportional to − 1 2 . It was found that influence of pressure gradient on the thermal boundary layer thickness decreases as the Prandtl number increases. An increase in Prandtl number leads to a decrease in the temperature profile. 
